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1
HIGH VOLTAGE INVERTER CIRCUIT

BACKGROUND OF THE INVENTION

This mnvention relates to CMOS semiconductor devices
operating with a low voltage power supply and a high rated
voltage. This 1nvention relates to semiconductor integrated
circuits for formation of a CPU or the like, and 1n more
particular to semiconductor devices for use 1n logic circuits
or drive circuits suitable for high voltage drive.

A cross-section of one prior art high rated voltage mnverter
circuit with CMOS structure 1s shown 1n FIG. 2. An N well
2 1s provided 1n the surface of a P type silicon substrate 1.
Provided 1n the surface of the N well 1s a high rated voltage

P type insulated gate field effect transistor (referred to as
“HVPMOSFET” hereinafter). A high rated voltage insulated

gate field effect transistor (HVNMOSFET) is provided in the
surface of the P type substrate 1. The HVPMOSFET has a
drain region which consists of a lightly doped drain region
21C and a heavily doped drain region 21D within 1t in order
to attain an increased withstanding voltage. A source region
also consists of a lightly doped source region 21 and a
heavily doped source region 21A as needed. Likewise, a
source region of the HVNMOSFET consists of a lightly
doped source region 22B and a heavily doped source region
22A, while a drain thereof consists of a lightly doped drain
region drain 22C and a heavily doped drain region 22D.
Gate clectrodes 21F, 22F overlie the substrate with gate
insulation films 21E, 22E beimng provided therecbetween
respectively. While not shown in the drawing, a low rated
voltage P type 1nsulated gate field effect transistor
(LVPMOSFET) and a low rated voltage N type insulated
gate field effect transistor (LVNMOSFET) are formed in the
surface of the same substrate. Since there 1s no need for drain
regions of the LVNMOSFET and LVPMOSFET to exhibat
high rated voltage, these are formed of heavily doped drain
regions only.

FIG. 3 1s a cross-sectional view of a typical prior art
insulated gate field effect transistor (referred to as “MIS-
FET” hereinafter). In the case of an N type MISFET as an
example, an N type source region 102 and a drain region 103
spaced apart from each other are provided 1n the surface of
a P type silicon substrate 101, while a gate electrode 122 1s
provided to overlie a channel formation region consisting of
a substrate portion defined between the source region 102
and drain region 103 with a gate oxide film 121 being
sandwiched therebetween. Upon application of a positive
voltage at the gate electrode 122 relative to the source region
102, the channel formation region is inverted 1n conductivity
from P type to N type causing a drain current to flow
between the source region 102 and the drain region 103. This
enables the gate electrode 122 to control the impedance
between the source region 102 and the drain region 103.
When a high voltage higher than the power supply voltage
1s applied to the gate electrode 122, the high voltage 1s also
applied to the gate oxide film 121. Accordingly, as shown 1n
FIG. 3, in a MISFET being applied with such high voltage,
a gate 1sulation film 1s provided which 1s greater 1n thick-
ness than a MISFET operating with a low potential gate
voltage.

However, in the prior art semiconductor device, since
almost entire voltage applied as the gate voltage 1s applied
to the gate msulation film, there are problems that follow.

(1) It 1s difficult to make thinner the gate insulation film
with respect to the gate voltage.

(2) When the high rated voltage MISFET and low rated
voltage MISFET are formed together on the same substrate,

10

15

20

25

30

35

40

45

50

55

60

65

2

it 1s required that an individual gate insulation film be
provided for each MISFET.

Further, in the prior art semiconductor device, there 1s a
problem 1n that the manufacturing cost thereof remains
higher due to additional formation of lightly doped drain

regions of HVPMOSFET and HVNMOSFET.

It 1s therefore an object of the present mnvention to obtain
a semiconductor device of simple structure and low cost
which does not require any new, additional manufacturing
steps of forming lightly doped drain regions, enables gate
msulation films to be made thinner, and also avoids the use
of a plurality of gate insulation films.

SUMMARY OF THE INVENTION

In order to solve the aforesaid problems, this invention
employs the following means:

(1) A semiconductor device is arranged in such a manner
that it comprises a low-voltage inverter circuit having a low
rated voltage first conductivity type insulated gate field
effect transistor (MISFET) and a low rated voltage second
conductivity type MISFET being connected in series
between first power supply voltages, a level-shift circuit
connected to an output of the low-voltage inverter circuit for
operating with a second power supply voltage higher than
the first power supply voltages, a high-voltage inverter
circuit having a high rated voltage first conductivity type
MISFET and a high rated voltage second conductivity type
MISFET being connected 1n series to the second power
supply voltage, and an output terminal corresponding to an
output of the high-voltage inverter circuit, featured 1n that
the 1mpurity concentration of a drain region of the high rated
voltage first conductivity type MISFET is the same as that
of an 1solation region between the high rated voltage second
conductivity type MISFETs, that the low rated voltage first
conductivity type MISFET 1s formed 1n a surface of a second
conductivity type diffusion layer as provided in a surface of
a semiconductor substrate of the first conductivity type, and
that the drain region of the high rated voltage second
conductivity type MISFET 1s the same 1in impurity concen-
tration as the second conductivity type diffusion layer.

(2) There is employed a manufacturing method of a
semiconductor device having a semiconductor substrate
with 1ts surface having a plurality of first conductivity type
low rated voltage MISFETs, a plurality of second conduc-
fivity type low rated voltage MISFETs, a first conductivity
type high rated voltage MISFET, and a second conductivity
type high rated voltage MISFET, which method comprises
the steps of forming a well of the second conductivity type
in a surface of the substrate corresponding to drain regions
of the first conductivity type low rated voltage MISFET and
the second conductivity type high rated voltage MISFET,
forming an oxidation-proof film on the surface of the
substrate, removing oxidation-proof film portions in regions
corresponding to a region for electrical 1solation of each
MISFET and drain regions of the first conductivity type and
second conductivity type high rated voltage MISFETS,
doping an impurity element of the first conductivity type
into the surface of the substrate corresponding to the 1sola-
fion region between the low rated voltage MISFETs of the
second conductivity type and a drain region of the high rated
voltage MISFET of the first conductivity type, forming a
field oxide film by selective oxidation of the surface of the
substrate with the oxidation-proof film being as a mask,
removing the oxidation-proof film, forming a gate mnsulation
film on the surface of the substrate without having the field
oxide film, patterning a gate electrode of each MISFET on
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the gate 1nsulation film, forming source and drain regions of
the low rated voltage MISFET of the first conductivity type,
and forming source and drain regions of the low rated
voltage MISFET of the second conductivity type.

(3) A semiconductor device is provided which is featured
by comprising spaced-apart source and drain regions of a
second conductivity type provided 1n a surface of a semi-
conductor substrate of a first conductivity type, a channel
formation region which 1s a surface of the semiconductor
substrate between the source region and the drain region, a
cgate region formed in the surface of the semiconductor
substrate as spaced apart from the source and drain regions,
and an intermediate gate electrode above the channel for-
mation region with a gate insulation film being provided
between the intermediate gate electrode and the channel
formation region, wherein the threshold voltage of the gate
region for inverting the channel formation region 1s at a
constant value.

(4) The semiconductor device i1s arranged such that a
capacitance CG between the gate region and the intermedi-
ate gate electrode and a total capacitance CT regarding the
intermediate gate electrode satisfies a relation defined by

CG/CT<0.55.

(5) In the semiconductor device of (3), voltage reset
means 1S connected to the intermediate gate electrode.

(6) In the semiconductor device of (3), the channel
formation region includes a plurality of threshold-value
controlling impurity regions provided therein.

(7) The semiconductor device of (3) 1s arranged so that it
controls the threshold voltage by fine analog adjustment of
the threshold voltage by use of a miniaturized planar pattern
wherein an 1ndividual threshold-value controlling 1impurity
region measures 2 um or below 1n length along either the

direction of channel width or the direction of channel length
thereof.

(8) In the semiconductor device of (3), a capacitance CD
between the drain region and the mntermediate gate electrode
1s smaller 1n value than a capacitance CS between the source
region and the intermediate gate electrode, thereby decreas-
ing potential variations at the imtermediate gate electrode

due to the drain voltage to improve the short channel etfect
thereof.

(9) The drain region includes a first drain region consist-
ing of a heavily doped region of the second conductivity
type, and a second drain region consisting of a lightly doped
region of the second conductivity type as provided between
the first drain region and the channel formation region. In the
case where a drain voltage 1s applied to the first drain region,
the second drain region 1s depleted at its surface. Any
possible potential variations at the intermediate gate elec-
trode due to application of the drain voltage 1s decreased by
reducing CD by letting an 1nsulative film between the
intermediate gate electrode and the second drain region be
ciiectively thick so that 1t 1s the sum of the gate msulation
film and a depletion layer.

(10) An insulative film is formed between the drain region
and the mtermediate gate electrode to be thicker than the
cgate 1nsulation film, thereby reducing CD. With such a
reduction of CD, potential variations at the mntermediate gate
clectrode due to application of the drain voltage 1s
decreased.

(11) A high rated voltage gate region consisting of a
lightly doped region which 1s the same in conductivity type
as the gate region 1s provided so as to surround the gate
region, thus enabling application of high voltage to the gate
region.
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(12) A semiconductor device 1s arranged which comprises
spaced-apart source and drain regions of a second conduc-
fivity type provided 1n the surface of a semiconductor region
of a first conductivity type, a channel formation region being
part of the surface of the semiconductor region between the
source region and the drain region, a first gate 1insulation film
formed on the surface of the channel formation region, an
intermediate gate electrode provided above the channel
formation region with the first gate insulation film being
sandwiched therebetween, a gate region provided to be
capacifively coupled to the intermediate gate electrode
through a second gate insulation film, and voltage set means
provided and connected for supplying carriers to the inter-
mediate gate electrode.

(13) The semiconductor device according to (12) is fea-
tured 1n that the gate region 1s provided above the interme-
diate gate electrode.

(14) The semiconductor device according to (12) is fea-
tured 1n that a plurality of gate regions are provided.

(15) The semiconductor device according to (14) is fea-
tured 1n that a plurality of gate regions are provided, and that
a capacitance between each gate region and the intermediate
cgate electrode has a different value.

(16) A semiconductor device is provided which comprises
spaced-apart source and drain regions of a second conduc-
fivity type provided 1n the surface of a semiconductor region
of a first conductivity type, a channel formation region that
1s part of the surface of the semiconductor region between
the source region and the drain region, a first gate mnsulation
f1lm formed on the surface of the channel formation region,
an 1mtermediate gate electrode provided on or above the
channel formation region with the first gate msulation film
being sandwiched therebetween, a gate region provided to
be capacitively coupled to the intermediate gate electrode
through a second gate insulation film, and a thin-film tran-
sistor serving as voltage set means provided and connected
for supplying carriers to the intermediate gate electrode.

In FIG. 1 a drain region 4C of HVNMOSFET and an N
well 2 of PMOSFET are formed simultaneously by diffusion
of the same 1impurity concentration region. A drain region 3C
of HVPMOSEET and a field dope region 6 underlying the
1solation region of NMOSFET are formed simultaneously
by diffusion of the same impurity concentration region.
Therefore, 1t becomes possible to manufacture the HVP-
MOSFET and HVNMOSFET without requiring any addi-
tional steps other than the steps of forming LVPMOSFET
and LVNMOSFET.

By providing an intermediate gate electrode (intermediate
gate region) between a gate region (gate electrode) being
applied with a drive voltage and a channel region, an
application voltage to the gate insulation film 1s a low
voltage potentially divided from the gate voltage. It 1s thus
possible to make the gate insulation film thinner while
enabling common arrangement of the high voltage driven

MISFET and low voltage driven MISFET.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view of a semiconductor device
of the present invention.

FIG. 2 1s a cross-sectional view of a semiconductor device
in the prior art.

FIG. 3 1s a cross-sectional view of a prior art semicon-
ductor device.

FIG. 4 1s a cross-sectional view of a semiconductor device
of the present invention.
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FIGS. SA—5F are cross-sectional views at the main manu-
facturing steps of the semiconductor device of the present
invention.

FIG. 6 1s an electrical circuit diagram of a semiconductor
device of the present invention.

FIG. 7 1s a cross-sectional view of a semiconductor device
of the present invention.

FIG. 8 1s a cross-sectional view of a semiconductor device
of the present invention.

FIG. 9 1s an electrical circuit diagram of a semiconductor
device of the present invention.

FIG. 10(a) is a plan view of a high-voltage drive MISFET
around an intermediate gate electrode thereof, and FIG.
10(b) is a cross-sectional view along line A—A' of FIG.
10(a).

FIG. 11(a) is a plan view of a low-voltage driver MISFET,
and FIG. 11(b) 1s a cross-section at line B-B' of FIG. 11(a).

FIG. 12 1s a plan view of a high-voltage driver MISFET
in accordance with another embodiment of the present
invention.

FIG. 13 1s a plan view of a high-voltage driver MISFET
in accordance with another embodiment of the present
invention.

FIG. 14 1s a plan view of a high-voltage driver MISFET
in accordance with another embodiment of the present
invention.

FIG. 15 1s a cross-sectional view of a semiconductor
device 1n accordance with another embodiment of the
present mvention.

FIG. 16 1s a cross-sectional view of a semiconductor
device 1n accordance with another embodiment of the
present mvention.

FIG. 17 1s a cross-sectional view of a semiconductor
device 1n accordance with another embodiment of the

present mvention.

FIG. 18 1s a cross-sectional view of a semiconductor
device 1n accordance with another embodiment of the
present mvention.

FIG. 19 1s a cross-sectional view of a semiconductor
device 1 accordance with another embodiment of the
present invention.

FIG. 20 1s a cross-sectional view of a semiconductor
device 1n accordance with another embodiment of the
present invention.

FIG. 21 1s a cross-sectional view of a semiconductor
device 1n accordance with another embodiment of the
present mvention.

DETAILED DESCRIPTION

FIG. 1 1s a cross-sectional view of an HVPMOSFET and
an HVNMOSFET which constitute a high voltage mverter
circuit of the present invention.

The HVNMOSEFET 1s formed 1n the surface of a P type
silicon substrate 1. Also formed 1n the surface of substrate 1
1s an N well 2 having its surface 1n which the HVPMOSFET
1s formed. The drain region of HVNMOSFET is constituted
from a lightly doped drain region 4C of the same 1mpurity
concentration as that of the N well 2, and a heavily doped
drain region 4D provided 1n the 1nside surface thereof. The
term “heavily doped” means any required impurity density
or concentration to attain an ohmic contact with its associ-
ated wiring line, which may be at least 10"” atoms/cm” or
more irrespective of whether the conductivity type 1s Por N
type. The term “lightly doped” means an impurity concen-
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tration less than the above-defined high concentration: 1n the
present invention, it preferably ranges in value from 10'° to
10"® atoms/cm”. Additionally, the source regions are similar
in structure to the drain regions.

A thick field oxide film 5 1s arranged between the lightly
doped drain region 4C and the gate electrode 4F to a
thickness of from 3,000 to 15,000 A. A gate insulation film
4E 1s less 1n thickness than the field mnsulation film 5, and
ranges from 200 to 2,000 A. The drain region of HVMOS-
FET 1s formed simultaneously with formation of a field dope
region 6 acting as the 1solation region between
LVNMOSFETs, and 1s comprised of a lightly doped drain
region 3C and a heavily doped drain region 3D which 1is
provided at the substrate surface to be connected to the
lightly doped drain region 3C. The source region of HVP-
MOSFET 1s substantially the same in structure as the drain
region: 1t consists of a lightly doped source region 3B and a
heavily doped source region 3A. A field oxide film 1s formed
on the lightly doped dramn region 3C and lightly doped
source region 3B 1n such a manner that the film 1s selif-
aligned with them. Since the heavily doped source region 3A
and drain region 3D are formed with the field oxide film 3
being as a mask therefor, these are similarly disposed such
that they are self-aligned with the field oxide film 3§.
Likewise, the heavily doped source region 4A and drain
region 4D of HVNMOSFET are disposed so that these are
self-aligned with the field oxide film 5. Electrical 1solation
between HVNMOSFETs 1s accomplished by providing the
same region as the heavily doped source region 3A of
PMOSFET as necessary.

FIG. 4 1s a cross-sectional view of an LVPMOSFET and
an LVNMOSFET constituting a low voltage inverter circuit
of the present invention.

These LVPMOSFET and LVNMOSEFET are also formed
in the surface of the same substrate 1 1n which the HVP-
MOSFET and HVNMOSFET are formed. The LVPMOS-
FET 1s formed at the surface of the N well 2 formed 1n the
surface of the substrate 1, whereas the LVNMOSFET is 1n
the surface of the substrate 1. While the operating voltage of
the high voltage inverter circuit 1s a high rated power supply
voltage of 10 V or above, the low voltage 1nverter circuit
operates with a low power supply voltage of 5 V or below.
Typically, it 1s 5 V.

The LVPMOSFET includes a heavily doped source
region 31A, a heavily doped drain region 31B, and a gate
clectrode 31C which overlies a channel formation region at
a surface portion defined between the source and drain
regions with a gate insulation film 31C being sandwiched
between the surface and the gate electrode 31C. The LVN-
MOSFET 1includes spaced-apart heavily doped source
region 32A and drain region 32B, and a gate electrode 32D
overlying a channel formation region at a surface portion
defined therebetween with a gate msulation film 32C being
laid between the channel formation surface and the gate
clectrode 32D. Electrical 1solation between respective LVN-
MOSFETs 1s attained by use of the field dope region 6 that
1s a P type diffusion layer underlying the field oxide film 5.

The N well 2 of LVPMOSFET 1s formed at the same steps
of for fabrication of the lightly doped drain region 4C of
HNMOSFET shown in FIG. 1. Accordingly, such regions
arc the same 1n 1mpurity concentration. The field dope
region 6 constituting the 1solation region between LVN-
MOSFETs 1s formed during the same fabrication steps for
the lightly doped drain region 3C of HVPMOSEFET of FIG.
1. These regions are also the same 1n 1impurity concentration.
The gate insulation films 31C, 32C of the low voltage




3,965,921

7

inverter circuit are so formed as to be thinner than the gate
insulation films 3E, 4E of the high voltage mverter circuit.
The transistors of low voltage inverter circuit are formed of
normally dense drain regions 31B, 32B due to unnecessity
of high rated voltage characteristics. These dense drain
regions 31B, 32B arc formed at the same fabrication steps of
dense drain regions 3D, 4D of the high voltage inverter
circuit.

FIG. 5 shows several cross-sections at main steps of a
manufacturing method of the high voltage inverter circuit.

As shown 1n FIG. 5(a), a part of a mask film is first
removed away by well-known photolithography techniques
from the surface of the P type substrate 1 in which an N well
1s to be formed. With such mask film being as a mask, a
chosen N type impurity such as phosphorus element is
doped using 10n 1implantation techniques. Thermal diffusion
is then performed for 15 hours at 1,150° C., thus forming an
N well region 2. The N well region 2 1s formed 1n any areas

corresponding to the lightly doped drain region of HVN-
MOSFET as well as those of the LVPMOSFET and HVP-

MOSFET.

T'hen, the mask film 40 1s removed away. Next, an oxide
film 41 of 500 A thick and a silicon nitride film 42 of
enhanced heat resistance are formed sequentially; thereafter,
a resist 11lm 43 1s also formed thereon. The resist film 32 on
the surface of the substrate 1 whereat a field oxide film 1s to
be formed 1s subject to patterning using known photolithog-
raphy techniques. Further, with the resist ilm 43 being as a
mask, the silicon nitride film 42 1s selectively etched to form
a structure of FIG. 5(b). The field oxide film formation
region covers not only the 1solation regions between respec-
five transistors but also any substrate surface regions corre-

sponding to respective lightly doped drain regions of HVP-
MOSFET and HVNMOSFET.

Next, as shown in FIG. 5(c), another resist film 44 is
patterned, and a chosen P type impurity such as boron

clement 1s then 1on-implanted. Ion 1mplantation 1s carried
out with the resist film 44 and the silicon nitride film 42

being as a mask. The target region of this 1on 1implantation
1s set at certain surface portions of the substrate 1 which

correspond to the 1solation regions between LVNMOSFETs
and those between HVMOSFETs and exclude the N well 2.

Further, in the N well 2, 1t may also be an 10on 1implantation

step for fabricating the lightly doped drain region of HVP-
MOSFET. The injection rate of boron is 10'* to 10'°

atoms/cm-.

Next, with the silicon nitride film 42 as a mask, the
substrate 1 1s subject to a selective oxidation process at
1,000° C., forming a field oxide film § as shown in FIG. 5(d).
At this time, the boron element as doped at the step of FIG.
5(c) is thermally diffused causing a field dope region 6 to be
formed between HVNMOSFET and LVNMOSFET just
beneath the field oxide film 5. A lightly doped drain region
3C of HVPMOSEFET 1s also formed beneath the field oxide
f1lm 5 to be self-aligned with 1t. In addition, a field oxide film
1s formed on the lightly doped drain region of HVNMOS-
FET. The field oxide film 5 1s formed such that 1t 1s several
times thicker than a gate insulation film to be formed later.
Typically, 1t measures 3,000 to 15,000 A in thickness.

Next, the silicon nitride film 32 and the oxide film 42 are
sequentially removed away thus exposing the surface of the
substrate 1 1 certain regions excluding the field oxide film
5. As shown 1n FIG. 5(e), gate insulation films 3E, 4E are
deposited on such exposed surface of the substrate 1. Gate
insulation films for the low voltage inverter circuit are
formed at this step. In the case where the gate msulation
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f1lms of the low voltage inverter circuit are formed to be thin,
cgate msulation films are again formed after removal of the
cate 1nsulation films 3E, 4E of the low voltage inverter
circuit again. The gate insulation films ot the high voltage
inverter circuit are 200 to 2,000 A in thickness, whereas the

gate mnsulation films of low voltage inverter circuit measures
100 to 400 A in thickness.

Subsequently, a polycrystalline silicon 1s formed as a gate
clectrode on the surface of the substrate 1. Known photoli-
thography techniques may be used to pattern the polysilicon
film thus forming gate electrodes 3F, 4F on the gate 1nsu-
lation films. At this time, gate electrodes for the low voltage
inverter circuit are formed simultaneously.

Next, with the field oxide film gate electrodes and a resist
f1lm being as a mask not shown 1n the drawing, a chosen N
type 1mpurity such as arsenic element 1s doped by 1on
implantation thus forming heavily doped source and drain
regions of LVNMOSFET and HVNMOSEFET. Further, while
not shown, a chosen P type impurity such as boron element
is ion-implanted at 10° atoms/cm? or above, with the gate
clectrodes and the resist film being as the mask therefor, so
that heavily doped source and drain regions of LVPMOS-
FET and HVPMOSEFET are formed. Then, atter forming an
oxide film of 5,000 A thick as an intermediate insulation
f1lm, contact holes are formed by use of the resist film as a
mask 1n selected regions for making contact with associated
wiring lines. An aluminum {ilm serving as wiring lines 1s
then patterned on the contact holes. A protective film made
of a plasma silicon nitride film 1s formed to finally obtain a
semiconductor device as shown 1n FIG. 1.

FIG. 6 15 an electrical circuit diagram of the semiconduc-
tor device of the present invention.

The circuit shown consists of a control circuit 51 for an
output high voltage inverter circuit 51 including a low
voltage inverter circuit, a level-shift circuit 52 for converting,
a low power supply voltage that 1s an output voltage of the
control circuit 51 into a high power supply voltage, a high
voltage mverter circuit 54 controlled by an output of the
level-shift circuit 52, and an output pad terminal 53 con-
nected to an output of the high voltage inverter circuit 54.
The control circuit 1s driven by a low voltage power supply
of 5 V. The level-shift circuit 52 and high voltage mnverter
circuit 54 are driven by a high voltage power supply VDDH
of 40 V. A voltage of from 0 to 40 V 1s supplied from the
output pad terminal and 1s applied to a liquid crystal. The
high voltage mverter circuit 54 includes a series connection
of an HVPMOSEFET TP and an HVNMOSFET TN between

a power supply VDDH and a VSS line.

Other embodiments of the present invention will now be
described with reference to the accompanying drawings.

FIG. 7 1s a cross-sectional view of a semiconductor device
of the present invention.

This embodiment 1s an N type MOSFET as provided 1n
the surface of a P type silicon substrate 101. Principally, the
silicon substrate 101 may alternatively be a thin film pro-
vided on another substrate.

An N type source region 102 and a drain region 103 are
provided 1n the surface of the P type substrate 101 such that
these regions are spaced apart from each other. A surface
portion of the substrate 101 defined between the source
region 102 and the drain region 103 serves as a channel
formation region. Furthermore, an N type gate region 107 1s
provided 1n the substrate surface such that it 1s distant from
the source region and the drain region 103. An intermediate
cgate electrode 1035 1s arranged above the gate region 107 and
the channel formation region with a gate oxide film 104
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being laid therebetween. Applying a voltage to the gate
region 107 controls the flow of a channel current between
the source region 102 and the draimn region 103. Now
representing a capacitance between the gate region 107 and
the intermediate gate electrode 105 as “CC,” and a total
capacitance around the intermediate gate electrode 1035 as
“CT,” a voltage VMG of the mntermediate gate electrode 105
1s then defined as follows.

VMG=CG/CT VG+CD/CT VD (1)

where VG 1s an application voltage to the gate region 107,
and VD 1s that to the drain region 103. CD 1s the capacitance
between the intermediate gate electrode 105 and drain

region 103. Here, CT 1s defined as follows.

CT=CG+CS+CD+CCH+a (2)

where CS and CCH are respective capacitances of the source
region 102 and the channel formation region for the inter-
mediate gate electrode 1035. a 1s the capacitance between the
intermediate gate electrode and another region (for example,
a parasitic capacitance between 1t and the substrate, or a
capacitance between it and a voltage reset means as will be
described with later embodiments).

From Equation (1), the voltage VMG of the intermediate
cgate electrode 10S 1s decreased due to potential division by
a capacitive coupling ratio with respect to the application
voltage VG. For imstance, assuming that CG/CT=0.5,
CG=CD, then VMG=¥2 VG. In this case, a voltage for the
cgate oxide film 104 1s half the application voltage.
Accordingly, appropriate design choice of CG/CT<0.55
enables the thickness of the gate oxide film to be decreased
at 50% of the conventional value. As the value of CG/CT
gets closer to 1 or 0 from 0.5, the application of a voltage 1s
concentrated upon either one of the gate insulation film
between the gate region 107 and the intermediate gate
clectrode, and the gate insulation film between the channel
formation region and the intermediate gate electrode 105.
Therefore, 1t 1s suitable for achievement of thinner films to
design CG/CT to fall within a range of 0.5 0.1.

FIG. 8 1s a cross-sectional view of a low voltage driven
MISFET as formed on the same substrate. While the
embodiment of FIG. 7 1s a high voltage driven MOSFET, the
low voltage driven MOSFET of FIG. 8 directly controls the
channel formation region by application of a voltage to the
cgate electrode 131. The gate msulation film 104 1s formed at
the same fabrication steps as for the gate insulation films of
the high voltage driven MOSFET. Therefore, the both films
are the same 1n thickness. For example, 1n the low voltage
driven MOSFET of FIG. 8, 1n the case where a 3-V power
supply voltage 1s applied to the gate electrode 131, the gate
oxide film 104 is deposited to a thickness of 100. In the
situation where the high voltage driven MOSFET of FIG. 8§
1s on the same substrate 101, the use of a gate oxide film of
100 thick enables application of a drive voltage of 5 V or
above.

FIG. 9 1s an electrical circuit diagram of an embodiment
of the semiconductor device of the present invention
employing a voltage set means 1n order to provide stable
operations. A broken line 141 i1s used to designate the
MOSFET of FIG. 7, wherecas a broken line 142 indicates
such voltage set means wherein a known MOSFET 1s used.
In the semiconductor device of FIG. 7, upon application of
a voltage to the gate region 107, the impedance of channel
formation region 1s indirectly controlled by the capacitive
coupling by way of the intermediate gate electrode 1085.
Accordingly, when electrical carriers are injected into the
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intermediate gate electrode 105 from 1its peripheral regions,
the resulting operation will possibly become unstable due to
the occurrence of charge-up phenomenon. Then, as shown in
FIG. 9, 1t 1s possible by specifically providing the interme-
diate gate electrode with the voltage set means to prevent
such unstable operations from taking place due to charge-up
phenomenon. More specifically, at an OFF time, the voltage
at the intermediate gate electrode 1s forced by the voltage set
means 1n the grounded state. At an ON time, the MOSFET
of the voltage set means 1s turned ofl causing stable opera-
fions to be attained by the application voltage to the gate
region.

Incidentally, since the high voltage driven MISFET
(referred to as “HVMISFET” hereinafter) and low voltage
driven MISFET (referred to as “LVMISFET”) are different
from each other 1n net electrical capacitance per unit area,
the resulting threshold value 1s different with respect to the
gate regions thereof.

Consequently, 1n order to control the threshold voltages,
different impurity regions are separately introduced into
respective channel formation regions thereby providing con-
trol as required. However, 1t 1s possible to control the
threshold voltages of respective MISFETs at a time by
employing a single 1impurity introduction step using a spe-
cific method as will be described below.

FIG. 10(a) and FIG. 10(b) are a plan view and a cross-
sectional view of an 1ntermediate gate electrode section of
an HVMISFET embodying the present invention. FIG. 10(b)
is a cross-section along the line A—A' of FIG. 10(a). While
the intermediate gate electrode 105 per se 1s not shown
therein, this electrode 1s provided and capacitively coupled
with the gate region as shown in FIG. 7. A plurality of
threshold-value controlling impurity regions 151 doped with
a chosen P type impurity therein are formed in the channel
formation region between the source region 102 and drain
region 103 in the surface of the substrate 101 beneath the
intermediate gate electrode 105. These impurity regions 151
consist of parallel elongate portions of width W extending in
the direction of channel width at intervals L therebetween. A
pattern 152 corresponds to a resist mask pattern as used
when 1mpurity regions are formed by channel doping tech-
niques using the 1on implantation process. On the other
hand, a pattern of such impurity regions 151 for the LVM-
ISFET is arranged as shown in FIG. 11(@) and FIG. 11(b).
FIG. 11(b) is a cross-sectional view along the line B—B' of
FIG. 11(a). An impurity region 151 is provided over the
entire surface of the channel formation region at the surface
of the substrate 101 benecath the gate electrode 131, thereby
controlling the threshold voltage toward 1ts enhance side.
The impurity regions 151 of HVMISFET and LVMISFET
arec formed simultaneously at the same fabrication step.
Since the impurity regions 151 of HVMISFET are formed so
that these occupy limited areas of the channel formation
region at a fixed ratio, the resulting threshold value control
width 1s kept smaller than that 1n the case of entire fabrica-
tion thereof. In other words, it becomes possible to control
the threshold voltage by changing the area of impurity
region 151 relative to the entire area of channel formation
region. With suitable selection of the area ratio of the
impurity regions 151, the threshold value control can be
carried out for both the HVMISFET and the LVMISFET
without requiring any extra steps other than a single 1mpu-
rity introduction step. Preferably, a miniaturized pattern 1is
employed with at least one of the width W and interval L of
the 1impurity regions 151 being 4 um or less. Typically, 2 um
or less 1s desirable; 1f microfabrication techniques are
available, selection of 1 um or less 1s most preferable 1n view
of the electrical characteristics of transistors.
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FIG. 10 shows an embodiment with a plurality of parallel
impurity regions 151 extending in the channel width direc-
tion. FIG. 12 1s another embodiment of the HVMISFET,
wherein the impurity regions 151 are arranged so as to
extend 1n parallel with the direction of channel length. FIG.
13 and FIG. 14 are plan views of other embodiments of the
HVMISFET of the present invention. The impurity regions

151 are arranged to define a dot-like pattern.
In each embodiment of HVMISFETs of FIG. 10, FIG. 12,

FIG. 13 and FIG. 14, at least one of the width W and interval
L of the impurity regions exhibits a miniaturized pattern that
measures 4 um 1n maximum, typically 2 um or less, prel-
erably 1 um or below. By controlling the channel formation
region of HVMISFETSs relative to the area ratio of impurity
regions thereof, 1t 1s possible to simultaneously control
respective threshold voltages of HVMISFET and LVMIS-
FET by use of one impurity introduction step.

The threshold voltages thus controlled can also be con-
trolled to be almost equal to each other. Alternatively, it 1s
casy to control the threshold voltage of HVMISFET to be
shifted by 0.1 to 0.3 V toward the enhance side thereof by
use of LVMISFET. In addition, the threshold wvoltage
becomes a function of CG/CT in the light of Equation (1).
Accordingly, even when more than two kinds of CG/CT, 1.¢.,
more than two types of HVMISFETs, are provided on the
same substrate, 1t 1s possible to control the threshold volt-
ages 1n such a manner that they are substantially the same as
cach other by controlling the area ratio of impurity region.

In the semiconductor devices embodying the present
invention, it can be understood from Equation (1) that the
voltage VMG of the intermediate gate electrode 105 1s a
function of the drain voltage VD. In the case of ordinary
MISFETs, the drain current exhibits the saturation charac-
teristic relative to a drain voltage applied. However, 1n the
semiconductor devices of the present invention, the satura-
tion characteristic will be deteriorated due to the fact that
VMG 1s also increased as the drain voltage VD potentially
increases. Furthermore, even when the application voltage
VG to the gate region 107 1s under the zero-bias condition,
VMG becomes greater 1n potential than the threshold volt-
age when a high voltage 1s applied as the drain voltage VD,
resulting 1n a problem 1n that an OFF leak current tlows
undesirably. FIG. 15 1llustrates 1n cross-section a semicon-
ductor device in accordance with a further embodiment of
the present invention, which suppress adverse influence of
VMG by the drain voltage VD. A lightly doped drain region
161 of N type conductivity 1s provided between the heavily
doped N type drain region 103 and 1ts associated channel
formation region 1n the surface of the P type substrate 101.
The drain region, which 1s arranged in the surface of the
substrate 101 so as to overlap the intermediate gate electrode
105 through the gate insulation film 104, 1s formed of a
lightly doped.umpurity region thus enabling CD of Equation
(1) to be rendered smaller in value. More specifically, when
the drain voltage VD 1s applied to the drain region 103, the
lightly doped drain region 161 laid just beneath the inter-
mediate gate electrode 1035 1s depleted at the surface thereof.
Accordingly, since any 1nsulative film between the 1nterme-
diate gate electrode 105 and the lightly doped drain region
161 1s comprised of the gate insulation film and such
depletion layer, 1ts capacitance 1s smaller than CD.
Generally, the surface density of the lightly doped drain
region 161 is set at 10'° to 10'® atoms/cm” as a value for
enabling achievement of depletion. As 1 FIG. 15, 1t
becomes possible by providing another lightly doped drain
region 162 that surrounds the heavily doped drain region
103 to further increase the rated voltage of drain, also. By
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further reducing CD to CD<CS as shown 1n FIG. 15, 1t 1s
possible to decrease the amount of influence of the voltage
VMG of mtermediate gate electrode 105 due to the drain
voltage VD. In other words, the mtermediate gate electrode
105 can eliminate the occurrence of a decrease in rated
voltage, an 1ncrease 1n OFF leak and an increase in short-
channel effect due to the capacitive coupling with the drain
region. Moreover, 1n the embodiment of FIG. 15, the 1nsu-
lative film between the mtermediate gate electrode 105 and
the drain region 1s formed of a field insulation film 106.
Since the field imsulation film 106 i1s deposited to an
increased thickness of ten times greater than that of the gate
msulation film 104, CD can be decreased at 140 or less. As
in the embodiment of FIG. 15, CD can easily be decreased
for more than one order of magnitude by causing the drain
region to be lightly doped while forming the msulation film
on the drain region 161 to be thicker than the gate mnsulation
film 104. In the case of the embodiment of FIG. 15, the
source region 102 has a prior known structure; however, this
source region 102 may alternatively be formed to be sym-
metrical in structure with 1ts associated drain region. As can
be seen from Equation (1), such reduction of CD may
provide some effect. Letting the source region be the same
in structure as the drain region enables CS to decrease. Such
reduction of Cs may advantageously contribute to the pos-
sibility of forming a device structure with enhanced con-
trollability of CG/G.

FIG. 16 1s a cross-sectional view of a semiconductor
device 1n accordance with a further embodiment of the
present 1nvention. A high rated voltage gate region 163
consisting of a lightly doped N type impurity region 1s
provided to surround the gate region 107 consisting of a
heavily doped N type impurity region. By rendering a lightly
doped N type gate region sandwiched between the heavily
doped N type gate region 107 and the substrate 101, the low
rated voltage characteristic can be 1improved between the
cgate region 107 and the substrate 101. The rated voltage of
the gate region 107 1s determined depending upon the rated
voltage between the lightly doped gate region 163 and the P
type substrate 101. This rated voltage can easily attain a high
rated voltage of 100 V or above.

FIG. 17 1s a cross-sectional view of a semiconductor
device 1n accordance with a still further embodiment of the
present invention, which has the gate region overlying the
cgate electrode with an insulative film being sandwiched
therebetween. More specifically an N+ type source region
102 and a drain region 103 are provided which are spaced
apart from each other in the surface of the P type silicon
substrate 101. An intermediate gate electrode 1035 1s pro-
vided above the channel formation region at a surface
portion of the substrate 101 defined between the source
region 102 and drain region 103 while a first gate mnsulation
film 104 1s laid between the substrate and the intermediate
gate electrode 105. Furthermore, a gate region (electrode)
107 A 1s provided above the mtermediate gate electrode 105
with a second gate 1nsulation film 104A being sandwiched
therebetween. The gate region 107A 1s capacitively coupled
to the intermediate gate electrode by a capacitance as
defined by the second gate 1insulation film 104A.
Accordingly, the channel impedance between the source
region 102 and drain region 103 can be changed by con-
trolling the potential at the intermediate gate electrode upon
application of a voltage to the gate region 107A. In other
words, 1t can operate as an ordinary field effect transistor.
The cross-section of the semiconductor device of FIG. 17
may be similar 1n structure to a well known floating gate
nonvolatile memory; however, the former differs signifi-
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cantly from the latter 1n that the intermediate gate electrode
105 is connected to the voltage set means (not shown in FIG.
17). The semiconductor device of the present invention is
difficult 1n operating as a nonvolatile memory; 1t may
preferably be used as a typical driver transistor, a transistor
for use 1n logic circuits, or a transistor for analog circuits. 1n
the case where the gate region 107A 1s placed above the
intermediate gate electrode 105 as shown 1n FIG. 17, any
parasitic capacitance of the gate region 107A can be ren-
dered smaller than that in the embodiment of FIG. 7. When
the gate region 1s formed on the surface of the substrate 101,
it will no longer be suitable for use 1n high-speed devices
due to the presence of a junction capacitance as defined
between the gate region and the substrate. In addition, the
embodiment of FIG. 17 1s suitable for achievement of higher
integration because the intermediate gate electrode 105 can
be decreased 1n area. Moreover, the electrical characteristics
thereof remain controllable with enhanced accuracy due to
the fact that any parasitic capacitance of the intermediate
cgate electrode 105 can also be decreased.

FIG. 18 1s a cross-sectional view of a semiconductor
device 1n accordance with a yet further embodiment of the
present mnvention employing a plurality of gate regions. Two
gate regions of gate regions 107C, 107D are provided above
the 1mntermediate gate electrode 105. Such gate regions are
provided 1n parallel with each other such that each of them
1s capacifively coupled to the mtermediate gate electrode
105. Therefore, the potential at the intermediate gate elec-
trode 105 1s controlled by both gate regions of respective
cgate regions 107C, 107D. Changing the potential at one gate
region enables the electrical characteristic (variation in
channel impedance relative to the gate voltage) to vary with
respect to the other gate region. More specifically, the value
of an application voltage at one gate region can be utilized
to change the threshold voltage of transistor with respect to
the other gate region. In other words, it 1s possible to adjust
the transistor’s threshold voltage by use of a plurality of gate
regions (including adjustment at a fixed value, and providing
a transistor with a plurality of kinds of threshold voltages).
As a consequence, the resulting device structure 1s suitable
for use 1n analog circuits being required to have a high-
accuracy threshold voltage(s), or transistors of analog cir-
cuits having a plurality of kinds of threshold voltages.

FIG. 19 1s a cross-sectional view of a semiconductor
device 1n accordance with a further embodiment of the
present invention, which renders the electrical characteris-
fics such as threshold voltages adjustable with enhanced
accuracy for wide range. While not shown 1n the drawing,
the voltage set means 1s also provided therein and connected
to the mtermediate gate electrode 1035.

As shown 1 FIG. 19, parallel gate regions 107E, 107F
and 107G which differ 1n area from one another are provided
above the mtermediate gate electrode 1085. The capacitance
between a respective one of such gate regions and the
intermediate gate electrode 1035 1s determined 1n such a way
that they are exponentially weighted providing a ratio of
1:2:4, for example. With such a plurality of gate regions
exponentially weighted in capacitance value, 1t becomes
possible to accurately adjust the electrical characteristics
with respect to a specific gate region throughout a wide
range thereof.

FIG. 20 1s a cross-sectional view of semiconductor device
also embodying the present invention, which employs a
thin-film transistor for the voltage set means. The 1nterme-
diate gate electrode 105 1s comprised of a polycrystalline
silicon film 1n order to form 1t with the same thin film as in
the thin film transistor. The intermediate gate electrode 105

10

15

20

25

30

35

40

45

50

55

60

65

14

1s extended to ride on the field insulation film 106. The
intermediate gate electrode 105 1s doped to have N+ type
conductivity. A channel formation region 151 and an N+
type drain region 152 are provided in the same thin film as
that of the mntermediate gate electrode 10S5. A gate electrode
154 of the thin-film transistor i1s provided over the channel
formation region 151 with a gate sulation film 153 being
sandwiched therebetween. The channel formation region
151 1s formed 1n the lightly doped impurity region enabling,
it to mvert 1n polarity upon application of a voltage to the
cgate electrode 154. In the embodiment of FIG. 20 the gate
insulation film 153 and gate electrode 154 of the thin-film
transistor are provided over the channel formation region
151; these may alternatively be arranged benecath 1t. As
shown 1n FIG. 20, connecting the intermediate gate elec-
trode 105 as the source region of the thin-film transistor may
enable the potential at intermediate gate electrode 1035 to be
set by voltages being applied to the gate electrode 154 and
drain region 152. Typically, after causing the intermediate
cgate electrode 105 to be set at 0 V by application of a 0-V
voltage to the drain region 152, a voltage 1s then given to the
cgate region 107 controlling the channel impedance between
the source region 102 and drain region 103.

FIG. 21 1s a cross-sectional view of a semiconductor
device further embodying the present invention, which
causes the gate region to be located above the intermediate
cgate electrode 105 with the second gate insulation film 104A
being sandwiched between the gate region and the interme-
diate gate electrode 1035. The voltage set means consisting of
a thin-film transistor 1s provided by extending a thin film as
used to form the intermediate gate electrode 105. Using such
thin-film transistor as the voltage set means enables any
parasitic capacitances to decrease between the intermediate
cgate electrode 105 and the voltage set means; as a result, the
intermediate gate electrode 105 can be well controlled in
potential by the voltage of the gate region 107.

The semiconductor device and the manufacturing method
thereof exhibit the following effects:

(1) The manufacture is simple.

(2) The manufacture is short 1n term.

(3) The manufacturing cost is low.

(4) Making the gate insulation film thinner

(5) Reduction in the manufacturing cost and improvement in
the manufacture TAT due to the common use of a gate
insulation film for high rated voltage MISFETs and for
low rated voltage MISFETs.

What 1s claimed 1s:

1. A manufacturing method of a semiconductor device
having a semiconductor substrate with 1ts surface being
provided with a plurality of first conductivity type low rated
voltage MISFETs, a plurality of second conductivity type
low rated voltage MISFETs, a first conductivity type high
rated voltage MISFET, and a second conductivity type high
rated voltage MISFET, said method comprising the steps of
forming a well of the second conductivity type 1n a surface
of said substrate corresponding to drain regions of said first
conductivity type low rated voltage MISFET and said sec-
ond conductivity type high rated voltage MISFET, forming
an oxidation-proof film on the surface of said substrate,
removing portions of the oxidation-proof film 1n regions
corresponding to a region for electrical separation of each of
saild MISFETs and drain regions of said first conductivity
type and second conductivity type high rated voltage
MISFETs, doping an impurity element of the first conduc-
fivity type 1nto the surface of said substrate corresponding to
the 1solation region between said low rated voltage MIS-
FETs of the second conductivity type and the drain region of
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said high rated voltage MISFET of the first conductivity
type, forming a field oxide film by selective oxidation of the
surface of said substrate with said oxidation-proof film being
as a mask, removing said oxidation-proof film, forming a
cgate msulation film on the surface of said substrate with
none of said field oxide film, patterning a gate electrode of
cach of said MISFETs on said gate insulation film, forming
source and drain regions of said low rated voltage MISFET
of the first conductivity type, and forming source and drain
regions of said low rated voltage MISFET of the second
conductivity type.

2. A semiconductor device comprising source and drain
regions of a second conductivity type spaced apart from
cach other 1n a surface of a semiconductor substrate of a first
conductivity type, a channel formation region being a sur-
face of said semiconductor substrate between said source
region and said drain region, a gate region formed in the
surface of said semiconductor substrate spaced apart from
said source and drain regions, and an intermediate gate
clectrode above said channel formation region with a gate
insulation film being sandwiched therebetween, wherein a
threshold voltage of said gate region for inverting said
channel formation region 1s at a constant value, and wherein
a capacitance CG between said gate region and said inter-
mediate gate electrode and a total capacitance CT around
said intermediate gate electrode satisfies a relation defined
by CG/CT<0.55.

3. A semiconductor device as claimed 1n claim 2, wherein
said intermediate gate electrode 1s connected to voltage set
means.

4. A semiconductor device as claimed 1n claim 2, wherein
saild channel formation region includes a plurality of
threshold-value controlling impurity regions provided
therein.

5. A semiconductor device as claimed in claim 2, wherein
saild channel formation region includes a plurality of
threshold-value controlling impurity regions provided
therein, and that said threshold-value controlling 1impurity
regions measure 2 um or below 1n length along either the
direction of channel width or the direction of channel length
thereof.

6. A semiconductor device as claimed 1n claim 2, wherein
sald drain region comprises a first drain region consisting of
a heavily doped region of the second conductivity type, and
a second drain region consisting of a lightly doped region of
the second conductivity type between said first drain region
and said channel formation region.

7. A semiconductor device as claimed 1n claim 2, wherein
an msulative film between said drain region and said inter-
mediate gate electrode 1s so formed as to be thicker than said
gate nsulation film.

8. A semiconductor device comprising source and drain
regions of a second conductivity type spaced apart from
cach other 1n a surface of a semiconductor substrate of a first
conductivity type, a channel formation region being a sur-
face of said semiconductor substrate between said source
region and said drain region, a gate region formed 1n the
surface of said semiconductor substrate spaced apart from
said source and drain regions, and an intermediate gate
clectrode above said channel formation region with a gate
insulation film being sandwiched therebetween, wherein a
threshold voltage of said gate region for inverting said
channel formation region 1s at a constant value, and wherein
a capacitance CD between said drain region and said inter-
mediate gate electrode 1s less 1in value than a capacitance CS
between said source region and said intermediate gate
electorde.
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9. A semiconductor device comprising source and drain
regions of a second conductivity type spaced apart from
cach other 1n a surface of a semiconductor substrate of a first
conductivity type, a channel formation region being a sur-
face of said semiconductor substrate between said source
region and said drain region, a gate region formed in the
surface of said semiconductor substrate spaced apart from
said source and drain regions, and an intermediate gate
clectrode above said channel formation region with a gate
insulation film being sandwiched therebetween, wherein a
threshold voltage of said gate region for inverting said
channel formation region 1s at a constant value, and wherein
a high rated voltage gate region consisting of a lightly doped
region being the same 1n conductivity type as said gate
region 1s provided to surround said gate region.

10. A semiconductor device comprising spaced-apart
source and drain regions of a second conductivity type
provided 1n a surface of a semiconductor region of a first
conductivity type, a channel formation region being part of
the surface of said semiconductor region between said
source region and said drain region, a first gate msulation
f1lm formed on the surface of said channel formation region,
an intermediate gate electrode provided above said channel
formation region with said first gate insulation film being
sandwiched therebetween, a gate region capacitively
coupled to said intermediate gate electrode through a second
cgate 1nsulation film, and a voltage reset circuit connected to
the 1ntermediate gate electrode for supplying carriers
thereto.

11. A semiconductor device as claimed in claim 10,
characterized 1n that said gate region 1s provided above said
intermediate gate electrode.

12. A semiconductor device as claimed mn claim 10,
wherein said gate regions 1s provided as a plurality of
members.

13. A semiconductor device as claimed 1n claim 10,
wherein said voltage reset circuit comprises a thin-film
transistor.

14. The semiconductor device of claim 10, wherein the
gate region comprises a plurality of members insulated from
cach other and capacitively coupled 1n parallel to the inter-
mediate gate electrode, and wherein capacitance values
between the members of the gate region and the intermediate
cgate electrode are different from each other.

15. A semiconductor device comprising source and drain
regions of a second conductivity type spaced apart from
cach other 1n a surface of a semiconductor region of a first
conductivity type, a channel formation region being part of
the surface of said semiconductor region between said
source region and said drain region, a first gate msulation
f1lm formed on the surface of said channel formation region,
an intermediate gate electrode provided above said channel
formation region with said first gate insulation film being
sandwiched therebetween, a gate region capacitively
coupled to said mmtermediate gate electrode through a second
cgate msulation film, and a thin-film transistor provided on
the semiconductor region and connected to the intermediate
cgate electrode for supplying carriers thereto.

16. A semiconductor device comprising;:

a substrate of a first conductivity type defining a surface;

a first and a second diffusion region of a second conduc-
tivity type formed in the surface of the substrate;

a low-voltage inverter circuit comprising a low rated
voltage first conductivity type MISFET formed i a
surface of the first diffusion region and a low rated
voltage second conductivity type MISFET formed in
the surface of the substrate, the low rated voltage
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second conductivity type MISFET having an 1solation
region assoclated therewith, the low rated voltage first
conductivity type MISFET and the low rated voltage
second conductivity type MISFET being connected 1n
serics between a first power supply voltage and a
oground voltage;

a high-voltage 1nverter circuit comprising a high rated
voltage first conductivity type MISFET formed 1n the
second diffusion region and a high rated voltage second
conductivity type MISFET formed in the surface of the
substrate, the high rated voltage first conductivity type
MISFET having a lightly doped drain region and a
heavily doped drain region and the high rated voltage
second conductivity type MISFET having a lightly
doped drain region and a heavily doped drain region,
the high rated voltage first conductivity type MISFET
and the high rated voltage second conductivity type
MISFET being connected 1n series between the second
power supply voltage and the ground voltage;

wherein the lightly doped drain region of the high rated
voltage first conductivity type MISFET has the same
impurity type and concentration as the 1solation region
of the low rated voltage second conductivity type

MISFET, and

wherein the lightly doped drain region of the high rated
voltage second conductivity type MISFET has the same
impurity type and concentration as the first diffusion
region.
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17. A semiconductor device comprising:

spaced-apart source and drain regions of a second con-
ductivity type provided 1n a surface of a sesmiconductor
region of a first conductivity type;

a channel formation region being part of the surface of
said semiconductor region between said source region
and said drain region;

a first gate msulation film formed on the surface of said
channel formation region;

an intermediate gate electrode provided above said chan-
nel formation region with said first gate insulation film
being sandwiched therebetween; and

a gate region capacitively coupled to and formed on said
intermediate gate electrode through a second gate 1nsu-
lation film;

wherein a threshold voltage of said gate region for invert-
ing said channel formation region 1s at a constant value
and a capacitance CG between said gate region and said
intermediate gate electrode and a total capacitance CT

around said intermediate gate electrode satisfies a rela-
tion defined by CG/CT<0.55.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

